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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 


THE EFFECP OF AN OPERATING PROPELLER ON THE AERODYNAMIC 
CHARACTERISTICS AT HIGH SUBSONIC SPEEDS OF A MODEL 
OF A VERTICAL-RISING AIRPLANE HAVING AN UNSWEPT 
WING OF ASPECT RATIO 3 


By Fred B. Sutton and Donald A. Buell 


SUMMARY 


An investigation was conducted in the Ames 12-foot pressure wind 
tunnel to determine the effect of an operating propeller on the aerody- 
namic characteristics of a model of a vertical-rising airplane having an 
unswept wing with an aspect ratio of 3. Wind-tunnel tests were conducted 
through a range of power coefficients at angles of attack up to 16° and 
at Mach numbers from 0.50 to 0.92. The Reynolds number was constant at 
1.7 million. 


Lift, longitudinal force, pitch, and roll characteristics, determined 
with and without power, are presented for the complete model and for 
various combinations of model components. Results of an investigation to 
determine the characteristics of the dual-rotating propeller used on the 
model are given also. 


INTRODUCTION 


The large thrust available with turbine-propelier propulsion systems 
has made possible the construction of fighter-type airplanes capable of 
vertical take-off and relatively high subsonic forward speeds. Тһе inves- 
tigation discussed herein was made of a model of such an airplane. The 
airplane configuration was aerodynamically conventional with the exception 
of an interdigitated tail on which all the movable control surfaces were 
located. Longitudinal, lateral, and directional control were achieved 
by appropriate combinations of movements of these four control surfaces. 


Tests were conducted through an angle-of-attack range at several 
power coefficients (including propeller windmilling) to determine the 
effect of the operating propeller on the lift, drag, and pitching-moment 
characteristics of the model. The effect of windmilling propellers on 


соқ ыт... 
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the effectiveness of the longitudinal and lateral control surfaces was 
also investigated. Data are presented in this report without analysis 
and they pertain only to model characteristics in near horizontal flight 
attitudes and at comparatively high speeds. 


NOTATION 


The results of the investigation are presented in the form of 
standard NACA coefficients of forces and moments and are referred to 
the conventional stability axes. The coefficients and symbols used 
are defined as follows: 


я lift 
Ст, lift coefficient, “qs 
C; rolling-moment coefficient measured about the center оЕ.рга Ту, 
rolling moment 
qbS 


Cm pitching-moment coefficient measured about the center of gravity, 


pitching moment 
ас5 


| Р 
ower coefficient, ----- 
Cp р 2 on®p> 
T 
thrust coefficient, ----- 
CT nt, Snep 
Cy longituđinal-force coefficient, = 


Cla propeller-blade-section design lift coefficient 


b wing span, ft 
b! propeller-blade width, ft 
с wing chord, ft pr E: 
- ссау 
с mean aerodynamic wing chord, 2 ‚ ft 
Ї с 4у 
С.С. center-of-gravity location = 
(See fig. 1.) 
D propeller diameter, ft 
h maximum thickness of propeller-blade section, ft 
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ы ox н 


ба, 


бе 


propeller advance-diameter ratio, + 


free-stream Mach number 

propeller rotational speed, rps 

model-motor shaft power,  ft-lb/sec 
propeller-tip radius, ft 
propeller-blade-section radius, ft 
free-stream dynamic pressure, = v?, lb/sq ft 
wing area, ва ft 

propeller thrust, 10 

free-stream velocity, ft/sec 


Longitudinal force, parallel to stream and positive in а thrust 
direction, 15 


lateral distance from plane of symmetry, ft 
angle of attack, deg 
propeller-blade angle, deg 


control-surface deflection with respect to а section of the fixed 
surface taken perpendicular to the hinge line of the movable 
surface, deg 


aileron deflection, positive when lift is decreased on the right 
tail surface and increased on the left tail surface. (The con- 
trol surfaces were deflected differentially to the same angular 
magnitude. ) 


. elevator deflection, positive to increase lift on tail 


propeller efficiency, 


free-stream mass density of air, slugs /cu ft 


л а. МАСА RM А52Е06 
MODEL AND APPARATUS 


The investigation was conducted in the Ames 12-foot pressure wind 
tunnel using а 1/10-scale model of the Lockheed ХЕУ-1 &irplane supplied 
by the Lockheed Aircr&ft Corporation. The model had an unswept wing 
with an aspect ratio of 3.07 and а taper ratio of 0.327. Тһе wing 
employed МАСА 65A206 sections. The prototype-airplane contours were 
slightly modified at the base of the model fuselage to accommodate a 
sting-type model support. Figure 1 and table I present dimensions and 
details of the model and figure 2 shows the model mounted in the tunnel 
test section. 25.5; у Ae Е 


Тһе six-blade du&i-rotating propeller employed on the model had ап 


l. з 7 
activity factor per blade of 140 (aerines as А.Е. = 100,000 | HOLO) 
0.3 


and was designed by the Curtiss-Wright Corporation specifically for 
vertical-take-off airplanes. Figure 3 presents propeller plan-form and 
blade-form curves. 


The model, including the propeller, was constructed of aluminum 
alloy with the exception of the fuselage air-intake ducts which were 
sealed off апа faired with a lead alloy. Model control-surface deflec- 
tions were simulated with interchangeable control surfaces machined to 
predetermined angles. The model-propeller blades could be adjusted 
manually to any desired angle. The surfaces of the wing, body, and tail 
were filled, painted, and polished smooth. ` | | | ша 

Model power was supplied by two weter-cooled induction motors | 
mounted in tandem in the model fuselage. Each motor developed a maximum 
of 36 horsepower &t 12,000 revolutions per minute. A continuous Speed 
control for the two motors was obtained by the use of а variable- 
frequency power supply common to both motors. Each component of the 
dual-rotating propeller wes directly driven by one of the model motors. 
Propeller speed was measured by means of a tachometer on the front motor 
(rear propeller) used 1n conjunction with әп electronic frequency- 
measuring device. It was assumed that both motors turned at the ваше 
speed. 


А gting-type model-support system was used with a wire-resistance 
strain-gage balance of the flexure-pivot type enclosed in the model 
fuselage to measure lift, longitudinal force, side force, pitching 
moment, rolling moment, and yawing moment. Angle of attack was measured 
visually by means of a cathetometer. 


ха 
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TESTS AND PROCEDURES 
Test Ranges 
The characteristics of the model were investigated over а Mach 
number range of 0.50 to 0.92; Reynolds number was constant at 1.7 million. 
Several power conditions were investigated at various propeller-blade 


angles through ал angle-of-attack range of -4° to 489 at each Mach number. 


A summary of the power-on tests for several model configurations is 


| presented in table ТТ. The power coefficients could not be exactly 


duplicated for the different model configurations ав the tunnel tempera- 
tures and model-motor efficiencies could not be accurately predetermined. 
The power-coefficient values presented in table IT are the averages of 
the values measured through an-angle-of-attack range. 


Propeller Calibration 


Propeller calibrations were made by testing the propeller in com- 
bination with the model fuselage less the pilot's cab (fig. 4). Forces 
were measured through Mach number, angle-of-attack, model power, and 
propeller-blade-angle ranges which included the test ranges of the 
power-on model investigation. The propeller thrust coefficient was deter- 
mined from the following relation: 


-I TS 
От = ар” 208 “Хр 
where 


СХр = CXpropeller operating ^ “Xpropeller off 


The shaft power of the model motors was determined by measuring the input 
power to the motors &nd applying corrections for the motor losses.  Inter- 
Їегепсе effects between the body ада the propeller were neglected апд ihe 
efficiencies presented are the propulsive efficiencies of the propeller- 
body combination. 
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CORRECTIONS 


Tunnel-Wall Interference 


Corrections for the induced effects of the tunnel walls resulting 
from lift on the model were made according to the methods of reference 
The corrections added to the angle of attack and longitudinal-force 
coefficient were as follows: | 


да = 0.2078 СТ, 
ACy = -0.00363 Cf 


No corrections were made to the pitching-moment coefficients as calcu- 
lations by the method of reference 1 indicated the corrections to be 
negligible. ES | йн » 

The effects of wind-tunnel-wall constraint on the model-propeller 
slipstream were evaluated by the method of references 2 апа 3. These 
effects were indicated to be negligible. | 


The effects of constriction of the flow by the tunnel walls were 
evaluated by the method of reference 4. The following table shows the 
magnitude of the corrections: 


Corrected Uneorrected | Qcorrected 
Mach number Mach number uncorrected 


0.500 0:500: 7 1.001 
.700 .699 1.002 
.800 „198 1.003 
.850 | „ВТ 1.004 
.900 .89% 1.006 
.920 .912 1.008 


Sting Interference 


1. 


In order to correct partially the longitudinal-force data for sting 


interference, the pressure was measured at the base of the model fuse- 
lage and the drag data were adjusted to correspond to а base pressure 
equal to the static pressure.of the free stream. 
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RESULTS 


Figures 5 through 10 show the characteristics of the dual-roteting 
propeller. Because of the small thrust available at Mach numbers of 
0.90 апа 0.92, only one power condition in addition to propeller wind- 
milling was investigated at these Mach numbers. The fairing of propeller- 
performance curves for these conditions (indicated by broken lines) is 
based on propeller-performance data obtained at lower Mach numbers. 
Figures 11 through 16 show the effect of power on the aerodynamic char- 
acteristics of the model fuselage. The effects of power on the aerody- 
namic char&cteristics of the complete model &re shown in figures 17 
through 22, and power effects on the aerodynamic characteristics of the 
model with the tail removed are presented in figure 23. Figure 24 shows 
longitudinal control-effectiveness data for several elevator deflections 
and one combination of elevator and aileron deflections. Roll character- 
istics of the model are presented in figure 25 for one aileron deflection 
and for a combination of aileron and elevator deflections. Figure 26 
presents aerodynamic characteristics for several combinations of model 
components with the propeller removed, and figure 2( shows the aerody- 
namic characteristics for the body alone, the body and cab, and the body 
and tail. 


Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
Moffett Field, Calif., May 6, 1952 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF THE MODEL 


Wing | " У 
Span, in . . . . е . . . . Ф © а е а е a е е е е а е . . a е» е 33 е оо 
Root chord, in е * е a е a . . . . е ? a е = 2 . е . е ч > . е Ф 16 е 20 
Tip chord, in. свое enaa 


Mean aerodynamic chord, in. ................. 11.65 
Аврес ISUl10 uk ыы и живо и жар Mees 3.07 
ОДО ИВ О ew w^ y d uec S uou o ыш 9^ XO IE AU жа 0.327 
Aven. Hd PL. eos у пе ew wd ыы : 4 4: Ље ia 2.46 


Dihedral of wing reference plane through lóspercent chord, 
deg * «© еее o ө . 9 а аа ее э аа ө в © ее ө ө е 5.0 


Ineidenee, root and tip, deg == xx 1.0 

Length, wing-tip armament pods, in. . ........... 16.80 

Diameter, wing-tip armament pods, in. . . e e s o e e 1.80 

Airfoil section, root and tip ............. NACA 65А206 
Tail 


зуы”. ЧТО 


PEN s. 9 N- ыл ысы о о 0 .. 
ROOG снет Le аласы салы ре а про дар. EO I ФОЖОЖ 8.50. 
Тір chord, іп. > o . ~" Е "= кс ы-і 3.20 
Mean aerodynamic chord, 13: қы Br о шор D deo. a ee ча 6.25 
ABDOCU TALIO e are 9». eee ee ж жш уш о и ee 3.55 
Taper ratio .... ен ли ТЭЛЭЛТ ЭЭ сү 
Total ares, | surfaces, БЕТІ ас чи ке а а. 1.69 
Total area, 4 fixed surfaces, ва ft ...,.,....... 1.36 
Total area, 4-movable surfaces, ва ft . . . CERCA 58 ^а 0.32 
Incidence (angle in vertical plane) between funelnge 

reference line and intersection of all chord planes, deg. -4.0 
Sweepback angle, quarter chord, deg ..:....... 30.0 


Airfoil section; root and tin X e = w è k è аааз» а NACA б5АООТ 


МАСА У 


TABLE II.- SUMMARY ОҒ THE MODEL POWER-ON TESTS 


Complete model Tall-off model Simulated yaw 
configuration configuration configuration 


Equivalent Fig. Equivalent Equivalent Fig. 
CPav full-scale Hoz CPay full-scale CPav full-scale ed 
ирт hpt 


418 3100 
497 2100 


60 1.03 3300 ыы жаа, ТЕЛА ёо шше 
22 38,200 зо. j.n 4150 23(2) 3500 
38,200 3300 = а = = ~ ам м > ва м мы = ға 


а full-scale Sb Ss was eel for assumed airplane altitudes ao. to 
the tunnel-density altitudes and a model scale of 1/10. 
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Figure !. — Three—view drawing of the model. 
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Figure 2.- The model in the Ames 12-foot pressure wind tunnel. 
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Figure 3.— Plan-form and blade -form curves for the dual-rotating propeller. 
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Figure 4.- The model propeller in the Ames 12-foot pressure wind tunnel. 
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Figure 6.— Characteristics ofthe dual-rotating propeller. M, 0.70. 


40 


Power coefficient, Ср 
~ mM f 
o © © 


о 
Thrust coefficient, C 


Т 


| 
Ж 


NL. | | 


мыса 


WE 
ялж 
ENE 
TE 

CE 
ХОГ. 


богзв"559, 


Ki | 


Волар“ 60" N 


Жи 

eI SS LLL 
ELS | С МУ | | | | DA A 
8. ДРЕ РРА ЕРЕ 


ЕЕ 
“ШТ ининин 2 TTT EN 


ЗА ДЕР У 431341 ЗАР 28:12 
___| ||| ||| ||| ||| LLL 
„екы ы ы РА 


Advance-diameler ratio, J 
(b) a, 4° 
Figure 6- Continued. 


5.0 


o 


Efficiency, 7 


оонасм WH VOVN 


Те 


22 P Сул SEHE МАСА RM А52Е06 


& ‘Aouad 
ж Ф Ч, N о 


3 
3 
5 
5 
о 
Ф 9 
~ 
ч l 
~ © 
A) 
o 
> 
е 


КА | EF 
+ 8 

к. 

- „5 


ЖИ ЖИШИШИ Ши 
ыг ын N ~ © < °ч 
| | 
19 шил 45714! 
© Q Q Q Q Нэн 
~ № N ~ 
dy Чивдоцаоо 49^0gd 


МАСА RM А52ЕОб Gus 


& 'K2u6/9J3 
%; QN © 


| Ly Чидоцуеод 158441 


со $u8;2),j9029 гемоа 


2.0 
0 
0 


сэлж ын , У 


(d) а, 12° 


23 


Concluded. 


Figure 6.- 


24 


в NACA RM A52E06 


4 '/20809443 
% Ф ~ QN о 


4.6 


4.4 


4.2 


4.0 


3.8 


Advance-diamefer ratio , J 


ы. 


A 
9 
• 


ми 
жи 
Li 
им 
ШЕ 
LE. 
ЕСЕ 
“шон 
241. 
“ы 
сэт 


3.4 


а 


3.2 


3.0 


2.8 


іс Чидоџјоод (88441 
о © 

му М ~ 

9) 'идјршјеод 49MOd 


LT | В 


ЇГ 
ж ГІПГІПІІТІПІТІТІТІПГ ЖЕ 
3.6 


-./ 
-.2 
"26 


40 
0 
О 


(а) а, 0? 


Figure 7 — Characteristics of the dual-rolating propeller. M, 0.80. 
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Figure 9. — Characteristics of the dual-rofating propeller. М, 0.90. 
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